Formation of the CD95 (APO-1/Fas) death inducing signaling complex (DISC) plays a central role in CD95 signaling. Previously, CD95 DISC composition was analyzed by twodimensional gel electrophoresis and four major cytotoxicityassociated proteins (CAP1-4) were found. CAP1 and CAP2 were defined to be unmodified and phosphorylated FADD, respectively. CAP4 was identified as procaspase-8a. CAP3, however, has remained elusive. In this study, we demonstrate that CAP3 is an intermediate of procaspase-8 processing. CAP3 is generated within seconds of DISC formation and subsequently processed to the prodomain of procaspase-8a that is known as p26 (CAP5). These findings lead to new insights into the mechanism of procaspase-8 processing and apoptosis initiation.
Introduction
CD95 (Fas/APO-1) is a member of the death receptor family, a subfamily of the TNF-R superfamily. [1] [2] [3] [4] [5] Death receptors contain an intracellular death domain (DD) that plays a central role in the transduction of the apoptotic signal. Crosslinking of CD95 with its natural ligand CD95L (CD178) 6 or with agonistic antibodies such as anti-APO-1 7 induces apoptosis in sensitive cells. A death inducing signaling complex (DISC) is formed upon CD95 stimulation within seconds. 8 The DISC consists of oligomerized CD95 molecules, the adaptor fas-associated DED (FADD), procaspase-8, procaspase-10 and c-FLICE inhibitory protein (c-FLIP) L/S/R . 5, 9 The stoichiometry of the DISC components, however, has not been unambiguously established yet. The contacts between the molecules in the DISC are based on homophilic interactions. The DD of CD95 interacts with the DD of FADD while the death effector domain (DED) of FADD interacts with the N-terminal tandem DED of procaspase-8.
Two isoforms of procaspase-8 (procaspase-8a and -8b) were reported to be bound to the DISC. 10 Both isoforms possess two tandem DED domains as well as the catalytical subunits p18 and p10. Procaspase-8a contains an additional 2 kDa (15 amino-acid (aa)) fragment, which results from the translation of exon 9. This small fragment is located between the second DED and the large catalytical subunit resulting in different length of the procaspases-8a and -8b, p55 and p53, respectively.
Binding of procaspases-8a and -b to the DISC results in their autocatalytic cleavage for which a two-step mechanism has been described. 11 The initial cleavage at aspartate (Asp) 374 generates the two subunits p43/p41 and p12. In a second step cleavage takes place at Asp 216 and Asp 384 , producing the active enzyme subunits p18, p10 and the prodomains p26/p24. As a result of procaspase-8 processing the caspase-8 heterotetramer (p18/p10) 2 is formed at the DISC, which is subsequently released into the cytosol starting the apoptotic signaling cascade. 12 In the initial analysis of the CD95 DISC using twodimensional (2-D) gels four major differential protein spots were revealed. 8 Those four spots were considered as four proteins recruited to CD95 and being responsible for the cytotoxicity induced by anti-APO-1. Thus, they were called cytotoxicity-associated proteins (CAPs). CAP1 was shown to be FADD, and CAP2 turned out to be a phosphorylated form of FADD. CAP4 was originally sequenced by nanoelectrospray tandem mass spectrometry and identified as procaspase-8a. 13 Subsequently, when the composition of the CD95 DISC was examined under prolonged stimulation two other CAPs (CAP5 and CAP6) were discovered. 11 CAP5 and CAP6 were shown to be the prodomains of procaspase-8a and -b, respectively. CAP3, however, has remained elusive.
finding there have been several hypotheses referring to the identity and function of CAP3: CAP3 might be a procaspase-8 prodomain 13 or a short splice variant of procaspase-8 like c-FLIP S or c-FLIP L playing an inhibitory role in CD95 signaling.
14 Alternatively, CAP3 might be an inducible cofactor required for procaspase-8 activation. 11, 15 In this paper, we show decisive experiments demonstrating that CAP3 is an intermediate cleavage product of procaspase-8a generated at the DISC. We demonstrate that CAP3 is the N-terminal part of procaspase-8a (aa 1-216). Cleavage of p43 at Asp 216 results in the formation of the large subunit p18 and CAP3, which, in turn, is processed to p26 (aa 1-210). These results provide a new understanding of the mechanism of procaspase-8 activation at the DISC.
Results

CAP3 is present at the CD95 DISC of different cell lines
In previous studies CAP3 was found by 2-D gel analysis of the CD95 DISC. 8, 11 It was detected either by autoradiography, when the DISC was immunoprecipitated from metabolically labeled cells with agonistic anti-APO-1 antibodies, or by silver staining followed by nanoelectrospray tandem mass spectrometry analysis. Initially, we aimed to detect CAP3 at the DISC by a 2-D gel approach in combination with immunoblotting. With the specific anticaspase-8 monoclonal antibody (mAb) N2 that recognizes the N-terminus of procaspase-8, we detected the CAP3 spot at the DISC from SKW6.4 B lymphoblastoid cells. All other reported CAP proteins of the CD95 DISC were also present, namely FADD (CAP1), phosphorylated FADD (CAP2), procaspase-8a (CAP4), p26 (CAP5) and p24 (CAP6) resulting in a typical pattern (Figure 1a) . The positions of the CAP spots were in agreement with their reported molecular masses and isoelectric points (pIs): CAP1 (27 kDa, pI 5.2), CAP2 (28 kDa, pI 5.15), CAP3 (27 kDa, pI 5.05), CAP4a (55 kDa, pI 4.9), CAP4b (53 kDa, pI 5.0), CAP5 (26 kDa, pI 4.75) and CAP6 (24 kDa, pI 4.86). 8, 11 The spot corresponding to procaspase-8 (CAP4), was not resolved in an optimal way due to the signal from the heavy chain of the immunoprecipitating antibody which shows almost the same pI and molecular mass as procaspase-8.
To address the question whether CAP3 is present at the DISC of other cell lines, we examined DISCs immunoprecipitated from several T-and B-cell lines (Figure 1b) . CAP3 was detected in the DISCs of both Type I (H9) and Type II (JA3, CEM) cells. 11 The 2-D pattern of the CAP spots was in accordance with previous publications even though we applied a different method of detection. We did not observe CAP3 in the DISC of caspase-8-deficient cells. Thus, using 2-D gels in combination with immunoblotting, we observed CAP3 along with the other CAP spots at the DISC of several cell lines.
To simplify the experiments, we developed an approach for the detection of CAP3 by one-dimensional (1-D) gels with subsequent immunoblotting. The molecular mass of CAP3 is only slightly higher than the one of p26. Therefore, they are often indistinguishable in Laemmli gels. To enable a better separation of the proteins within the molecular mass range between 20 and 30 kDa, we used 15% Anderson gels. 16 Thereby, we obtained a clear separation of CAP3 from p26 at the DISCs immunoprecipitated from several cell lines (Figure 1c ). Molecular masses of bands that were detected with the anticaspase-8 mAb N2 were in accordance with those of CAP3, p26 (CAP5) and p24 (CAP6). Thus, we observed CAP3 at the DISC of several cell lines using both 1-D as well as 2-D gels.
Identification of CAP3 as the prolonged prodomain of procaspase-8a
To further characterize CAP3, we examined if CAP3 might be processing product of procaspase-8. HUT78 cells were stimulated with leucine zipper-CD95 ligand (LZ-CD95L) that was followed with immunoprecipitation using anticaspase-8 N1 mAb. N1 mAb recognizes the N-terminus of procaspase-8. CAP3 was detected only upon CD95 stimulation and procaspase-8 processing (Figure 2a) . These results provided a first hint that CAP3 might be a procaspase-8 processing product.
Three aspartates are located at the N-terminal site of the large catalytic subunit p18 and, thus, are possible cleavage sites that might result in CAP3 and p26 in the course of procaspase-8 processing. These sites are TISD 210 , REQD 216 and QTLD 223 with REQD 216 being conserved between mouse and man. 17 It is believed that the prodomains p26 (CAP5) and p24 (CAP6) are generated by cleavage of p43 and p41, at this site, respectively. To test the possibility that CAP3 is also a prodomain of procaspase-8, different putative prodomains were generated (Figure 2b ), in vitro translated and analyzed by 15% Anderson gels. As shown in Figure 2c the construct comprising aa 1-216 of procaspase-8a has an electrophoretic mobility identical to CAP3. Furthermore, the construct consisting of aa 1-210 migrates as p26 (CAP5), suggesting that the p26 prodomain is generated by the cleavage at the Asp 210 and that CAP3 is a longer prodomain comprising aa 1-216. These results suggest that CAP3 is a cleavage product of procaspase-8a at the DISC generated by cleavage at Asp 216 . Interestingly, we also observe a band between p26 and p24 ( Figure 2a and Figure 2c ). The molecular mass of this product suggests that it might correspond to CAP3b, the prolonged prodomain of procaspase-8b. Thus, possible cleavage sites of procaspase-8b that would result in generation of CAP3b and p24 are Asp 201 and Asp 195 , respectively (Figure 2b ). It should be noted that detection of CAP3b is complicated as the signal from this band overlaps with the signal from p26.
Kinetics of CAP3 generation and processing at the DISC
The DISC is formed within seconds after receptor engagement. 8 As we have already shown, CAP3 was detectable at the DISC within a short time after stimulation (Figure 1a , b). To exactly determine the kinetics of CAP3 appearance in the DISC, SKW6.4 cells were stimulated with anti-APO-1 for different periods of time. Subsequently, DISCs were immunoprecipitated ( Figure 3a ). Our data demonstrates that CAP3 was detectable at the CD95 DISC within the first few minutes after stimulation. After 30 min the intensity of the spots corresponding to CAP3 started to decrease, and after 60 min the intensity of spots was markedly reduced. In contrast, p26 (CAP5) and p24 (CAP6) were detectable after 5 min of stimulation and peaked at 10-30 min. Both proteins were still detectable after as long as 120 min of stimulation. Thus, the generation of CAP3 and CAP5/6 shows different kinetics. were subjected to 15% Anderson gels and analyzed by immunoblotting using anticaspase-8 mAb N2. As a positive control, SKW6.4 cells were stimulated for 5 min with anti-APO-1. Subsequently, the DISC was immunoprecipitated and procaspase-8 processing products were analyzed by immunoblotting using anticaspase-8 mAb N2 (lane 1)
To confirm this result by an independent approach, we analyzed the kinetics of CAP3 and p26/p24 generation at the DISC using 1-D gels ( Figure 3b ). Interestingly, using 1-D gels, we again observed that CAP3 peaked earlier than p26/p24.
To examine the total cellular caspase-8 pool, we stimulated SKW6.4 cells with anti-APO-1 for different times and immunoprecipitated procaspase-8 with the anticaspase-8 mAb N1 (Figure 3c ). The time-dependent decrease of CAP3 in the lysates was taking place in a manner similar to that of procaspase-8 (p55/p53). After 60 min CAP3 was hardly detectable, whereas at that time point the amount of the prodomains p26 and p24 reached maximum levels ( Figure 3c ). These results suggest that CAP3 might be an intermediate product of processing of procaspase-8 that is quickly degraded.
In addition, we tried to examine the kinetics of procaspase-8 processing at the DISC within shorter periods of time, namely within seconds after the stimulation. However, the pattern of procaspase-8 processing for these time points was similar to the earliest time point shown in Figure 3 (data not shown; see also Scaffidi et al. 10 ). Thus, it seems that initial processing of procaspase-8 occurs too fast to detect the initial cleavage steps at the DISC using standard immunoprecipitation procedure.
CAP3 generation at the DISC in the presence of zVAD-fmk
To get more insights into the mechanism of CAP3 generation, we analyzed procaspase-8 processing in the presence of the pan-caspase inhibitor benzoyl-valine-alanine-aspartate-fluoromethylketone (zVAD-fmk). Interestingly, upon addition of zVAD-fmk we did not observe a complete inhibition of procaspase-8 processing, either at the DISC or in cell lysates (Figure 4a ). Namely, p43/p41 were observed both in cell lysates and at the DISC, however, active caspase-8 was not detected in the cell lysates. Interestingly, in comparison to the p26/p24 prodomains, the amount of CAP3 was significantly enhanced at the DISC upon zVAD-fmk treatment (Figure 4a and b). This can be visualized again in 15% Anderson gels ( Figure 4a ) and in 2-D gels (Figure 4b ). This effect seems to be dose-dependent as the amount of CAP3 at the DISC was enhanced upon the increase in zVAD-fmk concentrations (Figure 4b and c) .
Notably, the only spot enhanced upon zVAD-fmk addition on 2-D gels corresponds to CAP3 (Figure 4b ). The same was observed in 1-D gels within the region of 24-30 kDa (Figure 4c ). This result provides additional evidence that the CAP3 spot in 2-D gels is indeed identical to the prolonged prodomain of procaspase-8a (aa 1-216).
The analysis of CAP3 formation was also performed in the presence of the predicted optimal caspase-8 inhibitor benzoyl-isoleucine-glutamate-threonine-aspartate-fluoromethylketone (zIETD-fmk). The action of zIETD-fmk was identical to the action of zVAD-fmk and resulted in enhancement of CAP3 at the DISC (data not shown).
To examine the mechanism of zVAD-fmk action at the DISC leading to CAP3 accumulation we assayed DISC activity with biotinylated active site-directed pan-caspase inhibitor (BiotinzVAD-fmk) (Figure 4d ). We observed labeling of partially processed caspase-8 (p43/41) as well as the fully processed Figure 2a and its processing products were analyzed with 15% Anderson gels large catalytical subunit of caspase-8 (p18). Biotin-VAD-fmk was not covalently bound to procaspase-8 (p55/53). Interestingly, we observed the modification of additional bands above p43/p41, that probably corresponds to the modification of cleavage products of procaspase-10, another DED-containing caspase present at the DISC. Thus, we have shown that zVAD-fmk blocks the components of the active heterotetramer of caspase-8 that might have a composition of p43/p18/ p10 2 , p43 2 /p10 2 or fully processed of p10 2 /p18 2 in accordance with previous publications. 12, 18 The observation that Biotin-VAD-fmk does not bind to procaspase-8 (p55/p53) molecules bound to the DISC might suggest that this compound does not bind to the active center of procaspase-8 at the DISC, possibly due to spatial nonaccessibility. Therefore, it is reasonable to assume that also zVAD-fmk does not block caspase-8 activity at the DISC completely as a result of possible spatial nonaccessibility. This might explain why p43/p41 and CAP3 are generated upon zVAD-fmk addition. To examine if caspase-8 activity can be detected at the DISC in the presence of zVAD-fmk, we analyzed processing of c-FLIP L . C-FLIP L is known to be cleaved by caspase-8 at the DISC. 19 The analysis of the CD95 DISC, that was immunoprecipitated from SKW6.4 cells in the presence or absence of zVAD-fmk, has demonstrated that cleavage of c-FLIP L to p43-FLIP L is not altered upon addition of zVAD-fmk (Figure 4e) . Thus, we can conclude that zVADfmk does not completely block caspase-8 activity at the DISC explaining the generation of CAP3 upon zVAD-fmk addition.
CAP3 is generated from procaspase-8a at the DISC To demonstrate that procaspase-8a is indeed processed to CAP3 at the DISC, several procaspase-8a mutants were generated. The Asp residues involved in the prodomain formation (Asp 210 and Asp
216
) were substituted by alanines and three mutants were produced (D210A, D216A, D210A/ D216A) (Figure 5a ). Their processing was investigated in an in vitro caspase-8 cleavage assay (Figure 5b ). In this assay the DISC isolated from SKW6.4 cells was incubated with in vitro translated, [
35 S]-labeled wild type procaspase-8a and the respective mutants. The [
35 S]-labeled in vitro translated procaspase-8a proteins are recruited to the DISC and cleaved. Accordingly, for wild-type procaspase-8a we observed the generation of p43 and p26 (Figure 5b, lane 1) . The D216A mutant showed the same cleavage pattern as wildtype procaspase-8a (Figure 5b, lane 3) . In contrast, generation of p26 was abrogated in the D210A and D210A/D216A mutants ( Figure 5b, lanes 2, 4) . However, processing of the mutant D210A led to an additional cleavage product the molecular mass of which is in accordance with that of CAP3 ( Figure 5b, lane 2) . This product is not formed by processing of the mutants D216A and D210A/D216A demonstrating that it indeed results from the cleavage at Asp 216 ( Figure 5b, lanes  3, 4) . These experiments with procaspase-8a mutants clearly ) and resolved on 1-D gels. C-FLIP L processing at the DISC was analyzed using antiFLIP mAb NF6. P43-FLIP L cleavage product is indicated. The presence of other DISC components: CD95 was analyzed using anti-CD95 rabbit polyclonal antibody C20, procaspase-8 (p55/p53) as well as cleavage product p18 were analyzed using anticaspase 8 mAb C15 demonstrate that CAP3 is an intermediate product of procaspase-8a processing.
It should be noted that neither in our experiments nor in the previous work CAP3 has been clearly detected by procaspase-8a processing using this assay. 10, 11, 20 In order to detect CAP3 we examined different conditions of the in vitro caspase-8 cleavage assay for wild-type procaspase-8a (Figure 5c ). To this end, [
35 S]-labeled in vitro translated wildtype procaspase-8a was incubated for short time periods (1-120 min) with immunoprecipitated DISC. However, we did not detect CAP3 under these conditions. This was also the case when the assay was performed in the presence of zVAD-fmk (Figure 5c) . Apparently, the substrate concentrations in the in vitro caspase-8 cleavage assay are different from those at the DISC in vivo resulting in different kinetics of procaspase-8 cleavage. This probably does not allow the detection of products like CAP3 that are characterized by fast cleavage (Figure 3 ).
CAP3 is processed to p26 at the DISC
To find out whether CAP3 can be processed to p26 at the DISC we developed a Reverse in vitro caspase-8 cleavage assay. In this assay [
35 S]-labeled variants of the prodomains (aa 1-210, 1-216, 1-223) were added to lysates of anti-CD95-stimulated SKW6.4 cells before immunoprecipitation of the DISC (Figure 6a ). Both, CAP3 as well as the 1-223 construct were processed to p26 in this assay. Thus, these data show that indeed CAP3 can be converted to p26. However, in this experiment the cleavage can take place both at the DISC and in the cytosol.
To address the question if cleavage was taking place at the DISC a 'standard' in vitro caspase-8 cleavage assay was used (Figure 6b 35 S]-labeled construct as in a. The assays were performed at 41C overnight in the presence (lanes 7-12) or absence (lanes 1-6) of 50 mM zVAD-fmk. The beads and supernatants were separated, loaded on 15% Anderson gels and visualized by autoradiography (upper panel) and immunoblotting (lower panels). The DISC components were identified using anti-CD95, anti-FADD, anti-caspase-8 monoclonal antibodies (C15 and C5) recognizing the large and small subunits of caspase-8 ( lanes 2, 4, 6) panel). It is likely that processing to p26 is performed by the activity of the mature caspase-8, which is present at the DISC (Figure 4d) . Thus, CAP3 is processed at the DISC to p26 by caspase-8 activity that is inhibited by zVAD-fmk.
Discussion
Caspase-8 is a critical component of the CD95 apoptotic pathway. 13, 21, 22 Activation of caspase-8 at the DISC plays a significant role in the regulation of CD95-mediated apoptosis. In this study, we investigated CAP3 and revealed new insights into the mechanism of procaspase-8 processing at the DISC. There have been several hypotheses as to the identity and function of CAP3, the most prominent hypothesis states that CAP3 is a short splice variant of procaspase-8 like procaspase-10c. 11, 15, 23 We tried to find RNA encoding the entire open reading frame of CAP3 by 5 0 -RACE-polymerase chain reaction (PCR) (data not shown). However, these experiments did not result in the identification of another isoform of procaspase-8. By contrast, we present data that demonstrate that CAP3 is an intermediate product of procaspase-8 processing. We detected CAP3 only upon CD95 stimulation and procaspase-8 cleavage.
The detailed analysis of CAP3 using procaspase-8 deletion mutants has identified CAP3 as the prolonged prodomain of procaspase-8a that results from the cleavage at Asp
216
. In vitro cleavage assays with procaspase-8 mutants demonstrate that CAP3 is generated from procaspase-8a by cleavage at Asp 216 and then converted to p26 by cleavage at Asp 210 . Two isoforms of procaspase-8, procaspase-8a and -8b, were shown to be present at the DISC. 10 Their autocatalytical processing undergoes similar steps involving the cleavage of p55/p53 to p43/p41 that is followed by the processing of p43/ p41 to p26/p24. Interestingly, we also observed a product, which very likely corresponds to CAP3b, regarding its molecular mass. However, the detection of CAP3b was often complicated, as the corresponding lane overlaps with the one from p26. Futhermore, in some cell lines, we observed a different ratio between CAP3b and CAP3a, including some cases when CAP3b was hardly detectable in contrast to CAP3a. This indicates that procaspases-8a and -8b might have different kinetics of processing. This question should be addressed in future studies.
CAP3 processing takes place very quickly after CD95 stimulation. This was shown both by a kinetic analysis of CAP3 presence at the DISC and by an in vitro caspase-8 cleavage assay. In this assay CAP3 was detectable only when the procaspase-8a mutant D210A was used, the generation of p26 was not possible and the cleavage was stopped at Asp 216 . The fact that CAP3 could not be detected by an in vitro cleavage assay for wild-type procaspase-8a has always been a serious argument against CAP3 being a proteolytic product of procaspase-8. It seems likely, that the kinetics of in vitro cleavage assay is different from that in vivo. Therefore, experimental conditions may not allow the detection of products with a fast conversion rate. Thus, our data show that CAP3 is an intermediate product of procaspase-8 processing that is quickly processed at the DISC.
The analysis of procaspase-8 processing at the DISC in the presence of covalent inhibitors zVAD-fmk as well as zIETDfmk confirmed that CAP3 is a product of procaspase-8 processing. The amount of CAP3 at the DISC was enhanced upon addition of the inhibitors. The generation of CAP3 occurs possibly due to the incomplete inhibition of caspase-8 activity by zVAD-fmk. This might be due to spatial nonaccessibility of active sites of procaspase-8 at the DISC.
Another question to address with respect to the mechanism of CAP3 formation was if there is another protease that might generate CAP3 at the DISC. Procaspase-10 is the only other procaspase that is reported to be present at the DISC so far. 14 However, the generation of CAP3 by procaspase-10 is rather unlikely as CAP3 is present at the DISC of Raji cells, which are lacking procaspase-10 ( Figure 1 ). In addition, we examined the influence of cathepsin or granzyme inhibitors on CAP3 formation but did not see any effect (data not shown). Thus, we believe that there is no other protease responsible for the generation of CAP3.
Based on our experimental data, we propose the following model of procaspase-8 activation at the DISC. First, procaspase-8 is recruited to the DISC via homophilic interactions with the DED of FADD (Figure 7 ). There is strong evidence from a number of in vitro studies that dimer formation of two procaspase-8 molecules results in their activation followed by processing. 18, [24] [25] [26] The active procaspase-8 dimer may cross-cleave another procaspase-8 dimer. Cleavage steps for procaspase-8a involve the residues Asp 374 , Asp 384 and Asp 216 . As a result of the cleavage steps CAP3, p18 and the p10 subunits are formed. The formed heterotetramer of mature caspase-8 quickly accomplishes procaspase-8 processing, for example, converting CAP3 to p26 by cleavage at Asp 210 . According to previous publications and our analysis of procaspase-8 processing at the DISC (Figure 3a and b) , the DED-containing prodomains p24 and p26 remain bound to the DISC for hours after stimulation. 10 The remaining DEDcontaining prodomains at the DISC are very likely playing an important role. It was demonstrated in overexpression studies that prodomains of procaspase-8 can induce apoptosis without stimulation of CD95 (APO-1/Fas). 27 When fused to green fluorescent protein (GFP) each DED of procaspase-8, and also FADD-DED, were shown to form death effector filaments. FADD and procaspase-8 were recruited to these death effector filaments and activated. Since prodomains remain bound to the DISC they might form death-effectorfilament-like structures that could serve as a 'platform' for the recruitment of many procaspase-8 molecules enhancing the formation of mature caspase-8.
To get more functional insight into the importance of CAP3 in the DISC and the processing of procaspase-8, we tried to reconstitute caspase-8 deficient Jurkat A3 cells as well as 293T cells with caspase-8 at a reduced level. 28 Cells were transfected with wild-type procaspase-8a as well as with procaspase-8a mutants (D210A, D216A, D210A/D216A). However, we failed to get any processing of the wild type procaspase-8a after reconstitution, neither in transient nor in stable transfectants pointing towards a defect in these cell lines interfering with processing of procaspase-8.
To understand the functional role of CAP3 and to compare it to p26, we generated stable BJAB cell lines overexpressing both, prodomains aa 1-216 and aa 1-210 (data not shown). However, we did not observe any differences between those cell lines with respect to the sensitivity towards CD95-induced apoptosis. DISC formation was observed at the same rate. Considering the structural similarity of these two prodomains, a redundant function in CD95 signaling was expected.
In this study, we examined procaspase-8 processing directly at the DISC, in contrast to many other studies where procaspase-8 cleavage steps were monitored using artificial drug-induced dimerization of procaspase-8. We revealed an additional step in procaspase-8 processing, that is, the generation of CAP3 as a prolonged prodomain of procaspase-8 that is quickly converted to p26. It is essential to understand all processing steps of procaspase-8 at the DISC to eventually regulate CD95-induced apoptosis. In addition, these data might have further implications for the development of specific CD95 apoptosis inhibitors. Thus, these findings might be a basis for drug design in diseases connected with the dysregulation in CD95 signaling such as multiple sclerosis, Alzheimer's disease, diabetes mellitus, rheumatoid arthritis, Hodgkin's disease and different cancers.
Experimental Procedures Cell lines
The T-cell lines HUT78, CEM, Jurkat (Caspase-8 deficient, clone I9.2), Jurkat clone A3, Jurkat clone J16, H9 and the B lymphoblastoid cell line SKW6.4 were maintained in RPMI 1640 (Life Technologies, Germany), 10 mM HEPES (Life Technologies, Germany), 50 mg/ml Gentamycin (Life Technologies, Germany), 10% fetal calf serum (Life Technologies, Germany) in 5% CO 2 . The caspase-8 deficient Jurkat cell line (clone I9.2) and Jurkat clone A3 were obtained from J Blenis (Harvard Medical School).
Antibodies and reagents
Anti-FADD mAb (mouse IgG1) was purchased from Transduction Laboratories (Lexington, KY, USA). The anticaspase-8 mAb C15 (mouse IgG2b) recognizes the p18 subunit of caspase-8. The C5 mAb (mouse IgG2a) recognizes the p10 subunit of caspase-8, and the anticaspase-8 monoclonal antibodies N1 and N2 (both mouse IgG1) recognize the prodomain of procaspase-8. 10 Anti-APO-1 is an agonistic mAb (IgG3) recognizing an epitope on the extracellular part of CD95 (APO-1/Fas). 7 The horseradish peroxidase-conjugated goat anti-mouse IgG1, À2a and À2b were from Southern Biotechnology Associates (United Kingdom). As the result of those cleavage steps p43, CAP3, p18 and p10 cleavage products are generated. The activity of mature caspase-8 processes CAP3 to p26. This step is inhibited by zVAD-fmk Leucine zipper (LZ)-CD95L was produced as described. 29 Cell permeable pan-caspase inhibitors zVAD-fmk and Biotin-VAD-fmk were purchased from Merck (Germany). All other chemicals used were of analytical grade and purchased from Merck (Germany) or Sigma (Germany).
Cloning of procaspase-8 mutants and prodomains
The prodomains were cloned into the pEF4 expression vector (Invitrogen, Germany) using the polymerase chain reaction and the following primers: Procaspase-8 sense: 
DISC analysis by immunoprecipitation
The composition of the CD95 DISC was determined as follows. Cells (1 Â 10 8 ) were either treated with 10 mg of LZ-CD95L-containing supernatant or 2 mg/ml anti-APO-1 (IgG3) for 5 min (unless otherwise indicated) at 371C, washed twice in 1 Â phosphate-buffered saline (PBS) and subsequently lysed in lysis buffer (30 mM Tris/HCl, pH 7.5, 150 mM NaCl, 2 mM EDTA, 1 mM phenylmethylsulfonyl fluoride (Sigma, Germany), protease inhibitor cocktail (Roche, Switzerland), 1% Triton X-100 (Serva, Germany), and 10% glycerol) (stimulated condition) or lysed without treatment (unstimulated condition). The CD95 DISC was immunoprecipitated at 41C for 2 h or overnight with 2 mg of anti-APO-1 coupled to Protein-A Sepharose (when cells were stimulated with LZ-CD95L) or with Protein-A Sepharose beads (when cells were stimulated with anti-APO-1). For N1-immunoprecipitation anticaspase-8 mAb N1 was covalently coupled to CNBr-activated Sepharose CL-4B (Pharmacia, Sweden). N1-Sepharose beads (30 ml) were used for immunoprecipitation at 41C for 2 h. All beads were washed five times with 20 volumes of lysis buffer. The immunoprecipitates were analyzed either using 2-D isoelectric focusing (IEF)/SDS-PAGE as described 30 or 1-D gels. The gels were transferred to Hybond nitrocellulose membrane (Amersham Pharmacia Biotech, Germany), blocked with 5% nonfat dry milk in PBS/Tween (PBS plus 0.05% Tween 20) for 1 h, washed with PBS/Tween, and incubated with the primary antibody in PBS/Tween at 41C overnight. Blots were developed with a chemoluminescence method following the manufacturer's protocol (Perkin Elmer Life Sciences, Germany).
In vitro translation and Forward-and Reverse in vitro caspase-8 cleavage assays 35 S]-labeled procaspase-8 prodomains were incubated with stimulated lysates at 41C overnight and CD95 DISC immunoprecipitation was done afterwards. Cleavage reactions were separated on 15% Anderson gels, blotted and subjected to autoradiography.
